cause the effects of inflammation on iron metabolism have not been reported in horses, we have measured several ironrelated analytes during experimentally produced, localized inflammation in Shetland ponies.
Eleven Shetland ponies were purchased from commercial sources. They were dewormed, vaccinated against equine encephalomyelitis, and quarantined for at least 2 weeks before the experimental period. On day 1, seven ponies were injected with 5 ml sterile oil of turpentine intramuscularly in the pectoral region. The remaining four ponies served as controls. Blood samples were taken immediately prior to injection and during the following 3 weeks.
Serum iron and total iron binding capacity were determined coulometrically9 and serum ferritin by enzyme immunoassay with affinity-purified antibody.8 Serum ceruloplasmin was determined by p-phenylenediamine oxidization.2 Serum copper was determined by atomic absorption.
Statistical significance was determined by analysis of variance. Significant treatments were located by least significance difference. l o Clinical signs vaned among the treated ponies. Most had swelling at the injection site; a few had essentially no visible swelling. Four had injection site abscesses that ultimately drained to the outside, one had ventral edema, and three preferred a recumbent position.
Twenty-four hours after injection, serum iron had decreased to less than 25% of that found in control ponies ( Fig.  1 ). Seventy-two hours later it had begun to increase and did not differ significantly from control ponies by day 6 . Serum total iron binding capacity declined in treated horses but did not differ significantly from control horses at any time.
Serum ferritin ( Fig. 2) increased following turpentine injection then declined slowly over the remainder of the sampling period. Serum ferritin in the control ponies was more erratic than had been observed in other horses sampled repeatedly.' The treated horses' serum femtin values at the end of the sampling period were not significantly different from their pretreatment values or control ponies' values. Treated ponies' ferritins do not appear to have returned completely to the preinjection concentrations by the end of the sampling period.
Serum ceruloplasmin increased significantly in the treated ponies as in Fig. 1 ; standard error of the mean 4.26. ponies ( Fig. 3) when compared to the control ponies; it did not return completely to preinjection values by the end of the sampling period. When serum copper was determined on 30 samples from three ponies (data not shown), they were linearly correlated with serum ceruloplasmin (r = 0.89, P < 0.01). Apparently, ponies respond to inflammation in a manner similar to that observed in other animals. Serum iron declines quickly then returns to healthy levels if the inflammation is localized or eliminated. "Acute phase proteins" such as serum ferritin and ceruloplasmin increase and remain elevated for one to three weeks after the initial insult.
The "acute phase response" is a general response following microbial invasion, immunologic reactions, tissue injury, and inflammatory processes. Increased synthesis of "acute phase proteins" by the liver, leukocytosis with increased immature neutrophilic cells, changes in serum metal concentration, negative nitrogen balance, and fever can occur within hours after the insult. Most of the acute phase response seems to be initiated by interleukin-1 produced by phagocytic cell^.^ Serum iron decreases during inflammation, enabling the host to resist invaders by producing a low iron environment. Lactofemn released by phagocytic cells will remove iron from transferrin. The lactoferrin-iron complex is bound to receptors on macrophages and internalized. During inflammation iron is sequestered within macrophages and unavailable for erythrocyte production. If the inflammatory response persists, poor iron availability may partially account for the anemia that develops during chronic disease.
Most serum copper is in ceruloplasmin. Ceruloplasmin is an acute phase protein that increases dramatically in response to insult. It may serve as a scavenger of toxic, free oxygen radicals produced during inflammation, minimizing damage to the host's tissues.' Other acute phase proteins include haptoglobin, complement components, fibrinogen, some protease inhibitors, amyloid A protein, and C-reactive protein.' The response of all of those proteins in horses has not been documented.
Because femtin is an acute phase reactant, serum ferritin concentrations as an estimate of iron adequacy must be interpreted cautiously. Any inflammatory episode may increase serum ferritin and mask iron deficiency. Similarly, normal stores of iron and infection in a horse may be confused with iron overload. A history of recent vaccination or infection may be helpful in interpreting results. Alternatively, serum ferritin values may be compared with other acute phase proteins such as ceruloplasmin, transferrin, or haptoglobin to avoid mi~interpretation.~ Apparently, the low serum iron that we previously reported in hospitalized horses is an acute phase response.6 6 Smith JE, Cipriano JE, Debowes R, Moore K: Granular cell tumors (GCT's) in rats occur spontaneously in or adjacent to the meninges of the cranial ~avity.~.'-~ Although the term granular cell meningioma has been recently used for this tumor,' its histogenesis is uncertain. Our previous report on spontaneous meningeal tumors in rats suggested that the GCT is a variant of meningothelial meningioma based on the observation that many meningothelial meningiomas contained cells with eosinophilic granules identical to those in GCT.8 This report describes immunohistochemical and electron microscopic features of GCT's and meningothelial meningiomas with granular cells.
